The stable assembly of newly synthesized PsaE into the photosystem I complex occurring via the exchange mechanism is facilitated by electrostatic interactions.
Photosystem I (PSI) is a photochemically active membrane protein complex that functions at the reducing site of the photosynthetic electron-transfer chain as plastocyanin-ferredoxin oxidoreductase. PsaE, a peripheral subunit of the PSI complex, plays an important role in the function of PSI. PsaE is involved in the docking of ferredoxin/flavodoxin to the PSI complex and also participates in the cyclic electron transfer around PSI. The molecular characterization of the assembly of newly synthesized PsaE in the thylakoid membranes or in isolated PSI complexes is the subject of the present study. For this purpose the Mastigocladus laminosus psaE gene was cloned and overexpressed in Escherichia coli, and the resulting PsaE protein was purified to homogeneity by affinity chromatography. The purified PsaE was then introduced into thylakoids isolated from M. laminosus, and the newly introduced PsaE subunit saturates the membrane. The solubilization and separation of the different thylakoid protein complexes indicated that PsaE accumulates specifically in its functional location, the PSI complex. A similar stable assembly was detected when PsaE was introduced into purified PSI complexes, i.e., in the absence of other thylakoid components. This strongly indicates that the information for the stable assembly of PsaE into PSI lies within the polypeptide itself and within other subunits of the PSI complex that interact with it. To determine the nature of these interactions, the assembly reaction was performed in conditions affecting the ionic/osmotic strength. We found that altering the ionic strength significantly affects the capability of PsaE to assemble into isolated thylakoids or PSI complexes, strongly supporting the fact that electrostatic interactions are formed between PsaE and other PSI subunits. Moreover, the data suggest that the formation of electrostatic interactions occurs concomitantly with an exchange step in which newly introduced PsaE replaces the subunit present in situ.